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Spacccrafl  must survive and opcrak  ndiably  in k space cnvironmcnl  for long

periods of time. Radiation, tcmpcrahwc  variations, spaccmfi charging, surface

co]lt:illlill:ltioll,  and ]]licrIJ]llctc(Jrc)i(ls/sjlacc  dcbrkall  present environmental chalkxgcs  to

spacecraft missions. ‘I’llC; cllvil”ollt]lcllt:ll  issLlcsa ssoci:ltccl will] thcsccffcds  rcquircin-sib]

sp:icccxpcl”illlcllts  t{)pl’opcl”ly(  ]t]:llltify lhc cl)viromm-nl and its cffc.cts.  “1’0 obtain data on

spc~i fic m icroclcztmnic  ancl sensor systems in the space cnvironnwnt,  scvcml  c.nginccring

cxpcrimcnls  were dcvclopd  for the Ckmcntinc spacccratl  and the Clcmcntinc  lunar

lransfcr booslcr  or lntcrstagc Adapter Satellite (l SAS). ‘1’hcsc plat forms allowed testing of

advanccxi  spacecraft IIlicroc,lctll.o]lic  and sensor dcviccx in a lL)nar transfcrr  orbit that

intersects l;arlh’s radiation belts and debris cnvirmmmt  and in if]tc.1.j~ltit]ct:iry  space where

dirccl cxpowc  (0 solar flares, Galactic Cosmic Rays, and I]liclf)]llclcoroi(ls”  was possible.

A st]itc of cxpcrimcnts  was dcvclopccl  by the Naval Research 1,ahoratory  (N]<].), the Jet

l)mpulsion l.abmatory  (J1’1.), NASA 1.an~;lcy  Research Center (1 .al<C),  the Acrospacc

Corporation, and NASA Goddard Space l;light C2ntcr  (GSl C) to investigate in detail

specific radiation and cnvironmcnlal  rclial)ility  issues. ‘1 “his paper presents an inlmducli  on

to the issues hcing  invcsligatcd,  the instruments prov; dcd for the mission, and the rdionalc

for the cnginccring  pro:,ram.

1. lntrodudion

‘1’hc advanced ]ig,ht weight Icchno]of,ics  flmn on the (kmcntinc  spacecraft mm{

operate properly in the space environment. Ra(iiation,  tcmpcraturc variations, spammfl
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cllarginf>, sw.face col]t:illlill:ili[)]l, and ]llicrcJ]llctcortl  jCls/sjl:icc  dclwis  wjll a l l  p r e s e n t

cnvjronmcmtal challenges for long tcm] opcrtiticms. Alt}KNI@ ]~licloclcctlo]lic,”  sensor

]:i(ii;iti{~ll,:ii](l  rcflilil)jli[y  jssllcs ]`e.late.cl tc~s]l:]cc  c)]>cl.ati(JI]s  llavc13ccll illtc]lscly stdicd  in the

j):tst, tl~c\~l]lllcriil)ilitic.softl]cCIlc.l)3c.]ltil)cc()]ll])ol]c.])ts  Jnust  lx resolved with actual in-situ

s]>;icccfxl>clil]lcllts.  ‘J’oob[ain da[aon  s})ccilic  ]llicr(>clcct[ol]ic  and sensor systems in [k

space cnvjronmcnt, s e v e r a l  cngincc.rjtlg  cxpcrimcnts  were  (icvclopcci  10 fly on fhc

{~lc]llclltillc  sl>:lcccr:tf[  an(l on tl]c Clc]llcl]til]c  lll]]ar  tl:l[lsfcr13[)ostcl (c)JIII[cis(iigcAcl:iI)tcI

S;dc.lli[c-the lSAS). ‘1’hcsc  two platforms aiiowtd lestinf, of dvanccd  spacecraf t

nlicroclcdronic and sensor dc.vices in a llmar transfer orbit (1.’1’0) that  il]krscckci  liarlh’s

radi:dicmbclts  d (ic.l>l.js  c]lvirolllllc.tlt  ali(i in it][c.]’j~iall~.t:il.y space wllcre (iircd mposurc  10

solar fl:ircs, Galactic Cosmic Rays, all(i  micromclcomids was possible.

‘1’hc primary cnginccring  olljcctivcs of the Clc.mcnt  inc ] mgrw II were [0:

● l;tvaiualc  clll~irolllllcllt:il  c.ffcc[s cm ligiltwc.i~,il[  space technologies.
● l)cmons{ralc applicabili(  y of Ckmcntinc ligh[ucight  sensor tcdmologics 10 NASA

missions.
● ‘1’cst cictcc[ion  ami acquisition capabi]j[ics al rc:tlis[ic  vclocjlics  using cclcslial  bodies

as Ial’gets.

1 n meet ing them objcc[ivcs,  t hc Clcmcn[inc  program:

● ‘J’cstcd ~ilc followjng  advanced sensor Icchnoltyjcs:

lJl(l;lviolct/Visible Camcr~  wi[i] wkic 1 ‘ickl-of-Vkw (1 OV)

lnfrarc~i  (1 l<) cameras (Shwl Wavclcnf;[h 1 R 1-3 lnicron wj(ic 1 OV, 1 mg

Wavcicng[h  If< 7-9 micron with nmmv  J OV)

1.ightwcighl  1.IDAR for prccjsjcm  mnfing ami imq?,ing

Wi(ic 1 ‘OV Star ‘1’racker for ri:tvjga[im

● ] jv:il~,:l[cd  [i)c p~]forlll:{[lcc,  of :Klvtincc(i,  light \vciglll spacecraft

colll])O1lcllts/sys(  cllls:”

lncr[jai Mcasurcnm[  IJni(s (1 N4U)

2. Gb Soii(i SWc 1 Mlti  Rcccmicr

1 )at:i  Compression Chij)

lJl[ra-rl’hin  Gallium Arsenide on Gcrnmnium Solar Arrays

1 .i~hlwcight Reaction Whcc]s



Nickel-l ]y(hO&ll (Nil 12.) {kll)lllo]l  ]’ICSS1lI”C  VCSSC]

32- bi( Microprocessor

ckmpositc  StrLIctLmx  and Materials

M iniat L]rc  Staling Coolm

‘1’hc IIlission  goal of lhc Clcmcntinc 1 h~ginccring  1 kperimcnis l’mgram was thus to

evaluate Ihc cffcc[s of the space cnvimmcmt  m the ad vanccd tccl ~no]ogics  and 1 ight wcigh[

spacecraft components being flighl tested on the main ( Icmcnt inc spacccrail  and the IS AS.

Smccss  for the 1 inginccring  I ixpcrimcnts  l)ro:,ram  wa~ mcaswcd in [rolls of the abilily of

lhc iflslrumcnts  10 contribute to tbc flight qmlificalioll  of tbcsc dvanccd  systems in tbc

deep space environment. ‘1 ‘his required II IC charact crizat  ion of tllc  space environment

during  aImmaloLIs  operations d the. systems on tlc main vehicle and tbc cvaluatim of tbc

cffcc[s of the radiation and llliclc)~llctcO1oi(l/flcl~l’is  cn~ironmcnts  m) the ISAS instrmmmts

and tbcir clc.clrmic  dcviccs under test (1~11’1’s). ‘1 ‘hc inst run Icllt cmfigmdions were

carefully sclc.ck(i  to fulfill tbcsc goals and to provide adcqwitc rcdLindancy  in the case of

individml  i nstrLlmcnt  fai Imc. ‘1 ‘hc environ mcnt al scnstm rcprcsclltcd  t cchnologics  that lmd

been flown and lcslcxl  on prcviom missions Ihcrcby allowing il]tclc;ilit>r:iti(lll  with earlier

IIXLI1[S. An intc.gral  parl of tbc (lcmcntinc  1 inginccrillg l{xpcrimcllts l)rogram was an on-

gOillg  para]]c] ground  tcs[ a n d  lll[K]C.]illg  Cffml 2iilllCd a t  jlltC1’j)lCtil)g,  [k flight lcsll]ts. ‘1’hc

C l e m e n t  inc cnginccring  (iata  arc bcjng made avai lablc (0 [hc spacccraf(  cngitmcring

commmity  for tbc. design and testing of similar advm.c(i  ll]icl(~clcc[l”c)llic  systems.

I l . ltN(;l NIHCl<IN(; M1SS1ON l)lCSCI{lI)’J’lON

‘1’hc Clcmcmtinc  cnginccring  mission actwdly ccmsistd  of two vchic]cs-  tbc main

CIcmcntinc spacecraft and an instmncntc.d  pallet on lhc lunar tldnsfcr  booster. ‘1’bc lat[cr

was the rcsul[ of a series of scrcndipitcm events. ltarly planning for the Clcmcntinc

mission indicated the rcquircmcnt  for a lLInat translcr booster for wbic}~  a ‘1’hiokol Star

371;MSoli(l  l<(~ckct  Motor  (Sl<M)w;is  sclcctc(l. ‘I’l~c  Sl<Ml~a(l t(Jl>c.  sj~ill  stabiliml  during

tllclltlrll,  l+c(]llilil~gs tc~~vc(is olar]~al~cls.  Astl]csol:ili  il`fays]~rc)\`i(  lc(ltc)oli  t[lc]]()wcril~  the

s t o w e d  pmi[ion, i[ was  ncccss:iry to wrap additimd  solar CCIIS around the lntcrstagc

Adapter strLlclLM’c  to make Lip the diffcrcncc dw’jnp  this time prrjod. “J’hc Clcmcntinc

]>]c~gr:lll]t  c:llllr  c:lli7jc(ll  l]:itc.vc]lt}  l[J~lgll tl]isl]]o(ll]lc  \\~otll(i  llclcf[tJcl]ill(l  in Iklbor  bit, it

W(NIkl  still bc a valLMblc rc.smm as almost 100 W d POWW WCIC :Ivailal)lc.  ‘J’o Lltili~c  tl~is

capability, the lntcrstagc  Adapter was fit[c(t wi[b a SI nail instmmcnt  pallet (total  weight -5



.

kg) that fit on the inside adapter wall above. (1E SRM. ‘1’his lcd to the crc:ition  of the.

lnlcrstagc  Adapter  Salc]]i[c  or ISAS foJ’ s tudying the  dfccts  of the 1 Mb’s spacw

cnvironnv.mt  on individual  C.lcmcntinc compmcnts.

‘1’hc two Chmcntinc vchic]cs crcatcd a  miquc  o]qmrlunity  to simullancom]y

mc:mrc the effects of the. space cnvironlnc.nt on identical or similar  c]cdronic  systems and

components under substantially different cmnditior]s. ‘J’hc Clclncntitlc  ISAS wm in a higb]y

cmcnt ric ] .’1’0 that i nlcrscc[cd the ] iwlh’s radial ion bds (pcri$jcc  - 3(KI to -700  Km; apogee

-127,000 Km; imlinaticm -670). ‘J’hc dcctronic parts mld sys tems on tbc I S A S

cncmn[crcd tbc 1 birth’s Van Al lc.n radiation belts and space debris cnvi ronmc.nt  cm a rc.gular

lmis. Wbilc at apogee, the vchiclc directly sampled tk intcrp]:mctary radiation and

lllicl”olllctcorc~i(l  clll~il(~lllllcllts. ‘1’hc lSAS comistd  of the intcrsta~c  vc.hic]c  ad its solar

arrays, tbc. lSA,S cxpcrjmcl]t padqc,  d a simple col~l~~]ll~lic:ltio]ls”  package. ‘J’hc vchidc

hd no attitdc  ccmtrol or dctcminaticm  atld dcp]oycd in a ran(lom  oricntatim.  Ii] contrast,

the Clcmcntinc  spacccmf[  spent tbc nwjority of its time in tlm inkq>lanctary  s p a c e

cnvi ronmcmt in orbit atmlnd the h(lom whc.rc it dirccl  1 y obscrvd  at kmt  cmc sol w proton

event. ‘1’hc vchiclc  was 3-axis stabiliycd  for lnost of the mission with a pointing accuracy

of 0.03 C’. Af[cr completion of the ILlnat mapping lnission,  a software c.rror (iLl ring tbc. 1 iarth

gravity ;wsist phase of tlm mission lcd to a 10ss oj attitdc  control fuel and spLln tbc

spacccraf[ to 80 rcvolllt ions pm minut  c. ‘]’]lC SJNCCC1 afl  WCIlt  (k)l’1  Ilal)t S0011  af[C1’  bLlt WaS

rc-acqllircd  in April of 1995 wlmn its solar arrays WC] c again  adcqlatcly illwninatccl  (asiclc

from [hc 10ss of attitdc control fuc], (k vchic]c  was in cxccllcnt ami the Clcmcntinc

1 lnginccring  l’rogram continued). ‘1’0 take adwmtaf,c of the dichotomy in cnvjronmcnts

bet wccn the two spacecraft, i(icnt  ical cxpcrimcnts  wrc prcparc(i for botil  vchiclcs that

allowmi simultancms  ll-lc:lsllrclllc.llts  :Ind tests I]ndcl  widely differing, cnvjmnmcnts. in

adciition, tbc lSA,S was in an orbit allowing, cmironl ncntfil lnc.asurmcnts over at) altilwlc

mngc not typically monitorcci. in tllm, the C.lcmcntim  miin spiwccrafl  was onc of a limile.(i

number of spacccr:lft  to mbit tbc Mom  ad to pass m into interplanetary space.. Both these

vc.hic]c.s  d ]owc(i Llniquc s(wiic,s of the space cnvironl ncnt cm advmcc(i  space.  s ystcms  ami

Componcllts.

in suppml  of the cnginccring  st(l(iy,  three cllvir{~lllllclktal  sensors were dc.vc.iopc(i 10

lllcilslll”c  t h e  plwl:l, totai  d o s e ,  h e a v y  ion, an(i  micron  )ctcolC)i(i/(]ct31”js  c.m~jmnmcnts

cxpcricncc(i  by tbc vchiclcs. 1 kr total  d o s e  ~)]cilslllcl])c])ts,  NR1. providc(i (iosimctcrs to

rc.cord tot d C1OSC on ClclNcnt inc and on tbc 1 SAS. Acrospacc Corporation and NASA

Go(idar(i Spaccfiight  Center provickxl  a Chqy.(i 1 ‘ariiclc ‘1’clc.scope (C1’rl’)  capabk  of



mcasuri ng plaslna  clcclrons,  higjh cmrgy  clcdrons,  ad hip,h mop,  y prot e n s . ‘1’his

ins[rumcnl  was flown on the main  vchic]c. NASA 1.:II]glcy lkxcarch Ccm[cr  pmvidcd  the

Orbitins Mctcorojd  ami l)cbris Comtcr  (OMIX~)  cxpm imcnl for Ihc. ISAS. .lI}l. prodLKcd

two i(icn[ic:ii  1  lUrl’ (I)dvicc lJn(icr “J’cst) packa~,cs,  c:iilc(i  ti]c Rwiiatim ami Rc]iability

AssLwancc llxpcrimcnt  (1<1{}11  AX). Pkch cm[aine{i housckccping  chips to m o n i t o r

]“:i(ii:ltio]],:ldigit:il  radiatimtcsl  chip l)U’1’ to test ? fw]]iiics  ofcc)l]l]~lc]llc]lt:tl”j~  mctai  oxicic

scl]licoll(iLlctol(  C~h4[)S)( icviccs,:illd:l  ]inc:tr charged coup]c(i  (icvk:c (ICC])) cxpcrimcnt.

'l`l]is il]s[lll]l]c]~tw:  isflc>w/]( ~]l[>otl]t  llcClc]llcllti]  ~call(ilSA Sl)cl]i[~[i  mit]imi  shicl(iing (-]

mii :m(i -7 ]l]ils]cs]>ccti~  ’cly). Nf<l, provicic(i a pack:igc for (1K ISAS containi~lg  IIIJ’1’s

rcprcscntalivc  of scvaal  wivanccxi  ]]licroclcctl~)]]ic  co]lyxmcn[ (icsi{?,ns.  in a(i(iition,  NRl,

monitorc~i  the Clcmcnlinc  Soli(i Sta!c Rccmicr  for sjny,]c event upsds  (SllUs).

‘lhc Ckmcmtinc  spcccrafl  (icsign  cicviatc(i  f r o m  t h e  normai pradicc of using

miiilary  stan(iar(i  c(mp(mcnts  an(i, it)stca(i,  ililmiucml  co]nmcrci;il  p:~rk which wcm not

hcmctic:iiiy scaled. h40s[ of t h e  commcrcjal  plastic:  pmls w e r e  scmcncd  to Mili[ary

S] Jccific:iti()]]  88311iiil(i  sclcctc(i tc)]]rcvc]lt(  ics~tLlctivc  Iatchllp. ‘1’JIC Spacccl”afl  Subsys(clm

wcrc(icsignc~i  toopcra[cin  lilcmissim  s]]:}ccc.l]i~i]c)]]lllcllt  fm afuli  ycxw. A (inscription of

the par(s incorjwratc(i  in(o the ligiltwcigilt sensor s~litc :m(i into tile major spacecraft

subsystems arc prcscntc(i  in subscquc.nl papers in Ibis volume. ‘1’hc irnpor[ancc  of these

c{)lll]lollc]]tst  [)tllcc  ]lgitlccli]lg  program js that tilcy contributui  to the rcquircmcmt tim[ the

CffCCtS  o f  thC S]MCC Cl) Vil”OJllllCllt  011  thCj~  OJW’diOll  b(” CWCfll]]y  CVil[ll:itC(i  bCfOl’C  ]dUllCh.

'l`I)c\ ~:ilici;iti()ll( )ftilis]  )I()ccssil  ltllli)l~c  c(istol )ccictcrlllii)  c(is()t  i):itfL]t~llc  missions wiil bc

able to lcwn from jl- a final c]]g, inccring goal.

111. C1.EMICNrJ’lNlt ICNGINICIH{ING  INS’J’I{UMI;N’J’S

Sjncc tim <:lclncntinc.  :Kivancui  tccl]]lologim :Imi liglltwcip,lll sensor systems arc

(lcscl"it>c(i  clscwllc]c,(  )]~lytllc] >]illcj]>:llcl  ]gi]lcc]illg,i]]  strL]]~lc]lts:i  1](i their objectives will bc

briefly (icfinc(i  hcm. ‘1’nblc  1 lists ti~c ins[mmcmts an(i 1)1.J’1’s  flown as part o f  t h e

CXmcntinc  lin~,inccring l{xpcrilncnts  l’mgrdn). ‘1’hcjlmjority  of ti)c miiation jnstrLlmcnts

arc. physicai]y  groupui in lcms of two ni:ijor  p a c k a g e s -  ti)c .lI)l, RR1; l.AX on tile

[UlcIl~cl}tillcs]>acccraf[  ami thclSAS ami ti)c Nl<l.  ]J:ili\ Ac(]LlisitiO1l  Sys[cm (lJAS)on  ti~c

lSAS. in a(i(iition  totllcsc]>tlckagcs:tr](i  tllc(~tllc.]j  t]st]l~l}]c]~[s  j]] timtab]c, (ia[a from ti]c

C~lc]]]c]lti]~c  ol>tic:ll j]~stt'lllllcllts,  itsco]~~l>Ll[c]  systc]lls, lh4Us, m(i llo[lsckcc]~ji~  gfll]lctio]ls

arc, avaiiabk  for spccj~lc  studies. A fit]al section wjll (iiscuss the use of the. cnvironmcntai



sensors, 1111’1’s, and other Clcmcntinc  syslcms  in carrying ml specific cngitmcring

cxpcrimcn(s.

I< AIIMON (l{ RIC1.AX)

An dt m-compact  Raciiat  ion h40nit or (RA1 )N4(IN),  part of  the  JPI. RRTII .AX

instrLlmc.n[ package, was dcvc]opcd  to record (IE total  dose and S11[1 cnvircmmcnts. “1’he

c~l>jcctivcs  oftllisc  x~~clilllcllt  wcrclc) ])r(~vi(lc (losc}il](l  lcmpcr:ltLlrc  (r~x]lliml  tocalibratethc

dose data) lllc:lslllclllcllts,  ]>lofilc[llc  lkillh’s tr:ippcd  proton cl]~’il(~lll~lc.llt,  and charackrizc

tllcsol:il- fli~lcl  ~l(~toll:i  ll(lCosll)icRa  yfl~lxcsfc  J]tllcClc  ll]cl~til~cal~  (ilSAS. ‘J’hcsucccss  of

t h e s e  nmmrcmcn[s  h a s  cs[ablishcd  s[alic rtindoJi]  a c r o s s  mclnorim  (SRAM) as

incxpcnsivc,  low pmvcr S1iU monitors and [llc p-ch:itlnc]  fidd cf[cd transistors (]ll;l~l’)

(Iosilllctcr:is  low-cost,  lowpowcr  tdd dose cictcctors. Comparing  [llcClcll)clltillcrcsLllts

with other spacccmf[  and grouncl basc(i mcasmmcnts  cnhanccs  our ~lll(lcl’stal~(iil~p,  of the

cffccts c) fr:l(li:\tic)ll  ollclcclrollic  colll]JCJllcllts,  :ii(ls ill tl~c(icsip,ll  c) fl’t)l~[lst,  l:icli:itioll  tolerant

sys[cms, and hc]psto  qdatcthc  models of lhcracliatiot} cnvirmmcn[.

‘ll~col~jcctivcof  the RI<l;l.AX  l,C;C~l)illstIllIl~(’llt  was t{)il]l]~lc)vctl  ~c.cal>abili[y  to

prcdic~  space.  raciiatim  cffcds  on CClk  like  tlmsc b(ing flown on k m a i n  Ckmcntinc

spacccraf(.  Sfmificaliy,  rcpcatd IIlc:isllrclllc]ltsof  tllc  charsc transfer efficiency (C’111),
d?irkcllrrcnt (l(i:ll~),a ll(ifl:itl  )atl(iv olt:lgc.s llifl(Vfl)) of nl.CCl)  were made as lhcl,CCl)

ami :issocizltc(il  >Lllic(i-cl~al~  llcl mctdoxi(ic  sclrlicoll(i[lclol”  ficki effect transistor (MOSl;l T1’)

l e s t  slrmtm.cs  acmmliatcxi  r:t(iiation (iamagc in the IIarth ami s]mcc cllvir[)llll]cllts. ‘l”hc

obscrvc(i  (icgradation  is being compard at J])]. to prc-launch prc{iidims (icrivc(i  f rom

laboratory mcmwcmcnts  and theoretic.ai pmiictions. T h i s  co]npariscm wili aliow the

cvalwtlion  of techniques for extrapolating laboratory (iata  to the space cnvirmmcnt  ami

dccwr:itcly prcxiic[ing  in-flight (icgra(iation. ‘1’hc  instmn  ]cnt will also verify CC] J groLlnCi-test

mctimciology and qLmntify raciiation cicgmitition for b~lric(i-cil:]t)!lc.l  tCSt M~S~ill’l’s.

Ul(imatcly iim illfom:dion  will contribu[c to nmm mbllst CC]) sensor (icsigns.

C M O S  tind INVICR’J’ILR  ])1]’J’s  (J{ RICI,AX)



‘1’his ins[rmncnt  (ictcrmincd tlIc d a m a g e c(wfficicllts  in situ  f o r  IIoncywcl]

Rl(~hflOS-111 ( r a d i a t i o n  h a r d )  ad M(XSIS (radiatio]l  sof[) CM(X+ ICS[ strLKtLms  and

lllc:ts[llc(lt  llccffccls{  Jffc;itlll`cs  i7c()lltf)[:il  dose.. IGidi:ltion cffccls on these [cA s[rLIctLwes

wc being used to cslablish  the limits fm usirl~!, ra(iiali(m-sof{  cJuirk-f:~lJ  CMOS for digital

logic in spacccraf[  amltocs(ablish  it]\’cj[cl]~ arall]ctclspr  c:l(lsbyl llcasllril~g,  a stalis[ically

significtm( nunbcr of invcr[crs  (4 sets of 64). ‘l”hc data will aid sys{cm designers in

(lcsigllillg [~])[illliz,c(l  fault tolcrmt systems. ‘1’hc inslrulncnl  is allowing, the cll:il”:lctcriY2itio11

of IUi’1’  and invcrkr  array threshold vo][agc  shifts ii-i space whicl] will bc compwcd  (0

grmn(i based flight qu:ilificati(m tests. ‘J’llct l]lcsl)[)l(llo  ltap,cof”  tllcradiaticm soft l;li’l’test

s[rLlc[Llrcs  iscxjlcc[c(l  tc}cll:lllgc  \l~i(ll tllcs]Jaccclaf[(  losclcvcls  bll[ [hc radiation had l;l;’l’s

and the shielded jnvcr[cr arrays should not cxpcricncc  a radiation in(imcd change jn their

thrcsllol(i Vdagcs. ‘1’his will pcmit  [hccffcclsof  Ihcradiatim  an(l reliability variab]cs  10

bcscparatcd  and, at tllcs~~l~~c  til)lc,  validatctl]c  LISC of radiation at]d reliability QM1.test

s[rLIctL]rcs in predicting the performance of illtcgratc(i  circuits in space. “1’hc  use of wire

resistor lcsl stlllc[Lllcsf(  )l''otl-cl~ilJ'  'tclllj)cratlllclllc  asLlt.clllellt  isalsol lcillg( lclllollstl’:ltc{  l.”

SRAM (DAS)

SRAMS provide a very simple, rcla[ivc.ly  low cost smrcc  of on-board memory jn

Space Syskms. ‘I’l~csc (lcvicc.s  rc(]llilcl  ~oj)ctil>hcrals  [oopcrdcml  arc rcprcscntative  of

prcsc.nt adwlllccd tcchno]ogy  processes. ~;ll:tl”ac[cri~i~tioll  o f  sit]~lc Cvcnt cffcc[s (Slili)

l)cl`fcJJ"lll:lllcc.  illtllc s]):icc cllvir()lllllcllt  v`i]]l>l'o\'ic]c  sigllific:illt  C]:tt:l f()r S]i[J]ll`cCiic[  ions allcl

may illclic:ltc  tllcsc]>:irts  al'c. :iccc]>tablc  f()l`l]~al~>~ fll[lllc  applications. If so, [hem a smrcc of

of f-ll]c-sllclf]~  l.()(lLlcts will bca\~ail:il>lc  f(>lf Lllll]csl>acc systc.ms. in tid(iition,  thcSlill  and

t()[tll  j()lli7illg( lc)sc('l`Jll)( l:tt:lv ~illl>lovi(ic.;i  v:tlLlal~lc(l:i[tlll:isc folcollfilllltilioll  of ground-

bascd tc.st l“csLllts.

lllcctrically  liliis:ll~lcl  'Jogltlllll~~:tl>lcJ<  c:l(l Only Mcnmrks (J[lil’I<OM)  provjdc  Ihc

capabili~y  to change miss ion par:imdcrs  or cvcm function whik  slill  in space and to

nonvolalilc]y  s[orc program data cluring a mission. Althoug]]  these ~ilc(lcsirablct  cc}~r]ical

features, the electrically cmab]c  and ]>Josi:it]]l]lal~lc  (apability  of lilil’}{OMs mak thcm

sLlsJlcct  jn an SIH~ environment. ‘1’hcl+lil’ROMs  m (11c ISAS wm intended to provide

v:illl:il}lc  illf(~rlll;ltioll  regarding the. part’s sllscc.ptibilitj’ to upset and Il)c extent of program

dcgrdition  with each upset. ‘1’llco[~jcclivcsof”  this test wcreto:  qualify thcscdcviccs  for



long km space USC;  cbwdctcrim  singk  ancl nmltipk l)it  cdl llpscts; dctcrminc  degradat ion

of S1 1(1 pcrfomamc.  wi[h total  dose; charac[crim  tk Ll])sct rates in read only modes versus

rcdwritc opcrat  ion; cmclatc  space Icst rcsulls with g,l omd Ics[ing; and dctcrminc whd her

the mm correct  im mcthds  pmposcd  for llKxc dcv ices wcm ncccssary  and if so, the

dcgrcc  of fault tolcrancc  providd.

lWGA (lIAS)

‘1’hc. 1 Jicl(l  1’rc)gI:IIIIIII:Il)lc  G:Itc Amy (1/1’GA) flown ~lldcrwc.nt  g r o u n d - b a d

radiation tcstinp, with mixd results. ‘1’11) hrdncss  was obscrvc(l  up to 30 K i n d s .  It

dcmonslratcd  immunity [0 proton indllcc(l  sillp,lc cvcn[  latchups and upsds  with a lhrcshold

1.1 i’J’ of ] 5 McV/(mg/cn]2)  ml a cross scdicm of 2X ] 0-3 cm2/(Jcvicc, ] 21tChUJ3S, WhCll  thCy

occum(l,  WCJ’C CHI’I”CIM  Jimitcd  10 8 0 0  mA IIMX and n o t  (Icstrudivc.  at t h i s  ICVCJ. ‘J’hc

i IIsIrLlmcnt wtis intc.ndd to Jmvidc  a datdmsc  fm cord:it  ion with ground-based test

rcsLllts.  in Jm[iclllnr,  cxpcmrc  to the SJOW dose MC ‘J’111  accLlmtllatim seen in mbit slm]lcl

dctcrlnim wJmt her the par[ may be used in I Ml) radiation cnvi ronmc.nts  with prcdictabk

pc.rfmmmcc.  Qualification of this high dcnsi(y ] ‘PGA woLIJd prove (o bc a valLMbJc asset

for Jow wcigh[, Jow vo]L]nlc space applications duc to (]K larger inkrna] gale cmnl.

I’MOS  l)osimctcrs

l’-clM~ncJ  metal oxide.  scl~licc~ll(il}ctc~rs  (1’MOS)  are. smcept  ibk  [o radi:ition  as tbcir

tbrcsbold  voltages shift with totaJ  ioni~ing dose. 1 )osimctcrs based on this tcchnoJogy were

flown on tbc (:1-?1{1  S spacccmll to monitm  total d o s e  during the Inission.  ‘lihcsc  }’MOS

dosimctcrs, wi[h minor modification WCJC fJown on Clcmcntitm aMJ [k lSAS. As thCy

JICC(]  10 bc samplc(J  on] y once per orbit, t] ]cir data and power rccJLlil’cmcnts  were very

minim: t]. ‘1’hcse faders made.  tbcm idciiJ  lig,htwcigl  lt, low power sensors for nmmring

total ionizing  dose. l;or C]cmcntinc, varying thick] ICSS of shicl(ling wx used to obtain

rdiat im (he/depth curves a[ sc]cclcd  ]Ocat ions on lbc sJxtcc. cl’afl and tbc ] ntc.rst age

allowing real t imc. mapping of the ra(liati(m dose m t i ICSC vcl licks.

‘]’hc, (:]’rJ’  ]Ilcasl]rc(l  the flllxcs and SJ>CCtl’d o f  cncrgdic  Clcc{rolls  and p r o t o n s

cncmntcrc(l by Ibc CIlcmc.ntinc  spacccmf[. “Ilc prim:uy  object ivc was to measure, cnwgct  ic

protons (and cJcctIms at 0.3- 1.0 h4cV) cmil(cd  by SoJar flares during tbc mission. ‘1’hc



l o w e r  f.mcrgy Clcctroll  chanmis  provjdcd  data  o n  s p a c e c r a f t  charging  ad on in(cmd i o n s

bdwccn the Mom  and the liar[hrs gcomagnciic  tail pla~ma. ‘Jl]c CT”]’ sensor consists of a

sing]c 3000 pm silicon dclcclor cdlimatcd  10 a 30° IO\’. OLllsidc  of lhc 10V, the shielding

iscqllivalcnl teat least 2mm ofcoppcr. ‘J’hc dctcctm  has channels set at 30 kcV, 48 kcV,

90 kcV, 115 kcV, 220 kcV, 500 kcV, 1 McV, 3 McV, ;md ] O McV. ‘J’hc first channel  is an

intc~ral channel and lhc rest arc diffc.rcnl ial. ‘1 ‘hc upper  [ wo channels arc scnsilivc.  ml y to

protons and heavier ions; (1IC 1 McV channel has a lo\v sensitivity to c.lcc(rons.  “J’hc other

chamc]s  arc sensitive to both electrons and ims.

OMIK

‘1’lE OM 1 X; provi(kxl  data  on the near I iar(h na[Lml meteoroid and mamadc ctcbris

cnvirmmcnts.  in the long tcm, these obscrvatkms  will contribute  to both the NASA and

the mili[ary space cnvjronmcnts  and effects pro.gram~ by providinp,  data that arc critically

nccdcd  10 plan and design flltw.c spaccclatl. ‘lYN cxpcrinmnt  also ctcmonstratcd  the

performance of an tillrdight  wcighl palliclc  impact detector that can bc mcd on spacecraft in

the fLllllrc  10 cent inuc the mcmit  oring of the manmade clcbrjs  cl~l’ilol~t~lcllts  in space. ‘1 hc

specific ohjcctivcs  of the OMllC1  were as follows:

1 Nlablisb altiludc  varjalicms  in the pqwlaticm  of small mass manmade clcbrjs.

1 istablish population of smat I mass meteoroids near the 1 iarlh.

l)ctcrminc  (1]c mc[coroid  and d e b r i s  hmir~ls  to spacccraf[  cmployjng  an 1 iar[h

gravjt y assist for deep space t rave].

1 )cmom[ratc pcrfomancc  of an tlltl:iliglltwcig  ll[ par[iclc i]npact  detector (hat can bc

used in the fLltllrc to continue  the. moni(orinp of manma{ic  debris and/or  to monitor

the. hcaltb  of the spacecraft.

‘1’hc OMl )[; mcasmd  the, near 1 iar~l~ natural meteoroid cnvirmmcn( at high altitudes

where.  m a n m a d e  dc.bris  (hopcful]y)  do not ycl exist  in significant almnm[s  thus  a l lowing,  the

Cxm[rihlll  ion of the mete.orojd jmpac(s to bc scparatl’d  from mc.astlrcmcnls of the mmbi ncd

mctcomid  and debris impacts. ‘1’hc,  cxpcrimcn[  a 1s0 made InC:ISLIrCJIICIItS  of the smaller

(icbris  popula[  ions over a nmch grcalcr  alt  it udc.  ran~c  than prcvimsl  y al lcmptcd.  13 y doing

so, it wjll provjdc  the first  ckIta  on [hc manmwlc  (!cbrjs  p o p u l a t i o n  a t  a l t i t u d e s  up to and

i n c l u d i n g  s y n c h r o n o u s  o r b i t s . ‘1’hc OMl)C;  1 ixpcrimcnt  M ilizcd  M improved version of a

fl ight pmvcn tcchniqlle  to measure the impad frc(]ucncics  of submicron  mctcorokl  and

manmade debris partic]cs as a function of lime. and spatial position. ‘1’hc ultrascnsitivc



parlic]c  dc[cctors arc thin MOS (lllct:il-oxi(lc-silicol~)  upacitors  that arc partially discharged

when impacted by hypcrvclmity particles. ‘1’hc 0h41)(’ instrLlnlcnt  consis[d  of’ -1400 cm2

of these. MOS capaci[or  impact detectors. The (i(’tcctol’s  Were nmlntd almn(i the

periphery of ti~c ISAS. Approximatc]y  80 jmpacts were (ictcctc(i  over the life of ti~c ISAS.

‘1’hc (Ycmcntinc  So]i(i State IXi[a Rccmicr  (SSI)R) ha(i in cxccss of 2 Gbits  of

stoliigcc~lj~:tcity  wllicll is]llorc tl]allfol]l”  tilllcstllc capacity of any previous flight qmtiificci

SS1)R. ‘1’IIC  IC,COII]CI  uscci co]nnlc]ci:l]ly  avaiiab]c 4 Mb x 1 IIitaclli l)ynamic  Rmciom

Acccss Mclll(~Jics(  l)l<AA4): il~(ill:ida  (i:itat l~rollgll]~~lt[  ~lcatcrtl~:il]  20 Mb/s with abil crmr

ratcoflcss  than 1 parlin  IO billicm. ‘I’llccicsigi]  itlcorjl~Jratc(i  lc(illlj(i:illt  crlordctcctiolla  lj(i

c(~ll`ccli(>l~(  fill AC?)wjtll: ictivcf ii~~l[l~~:il~:~  f,cl~lcl~tt  {l~(il>Lljlt-itlt  cstcaj)tlbili[y. As part ofthc

noJ”mal  ]mlsckccping functions cm the [;]clncnlinc  Spw’cclaf[,  lhc SS1 )]< was continuously

monitorc(i  for Slllls (i Llring, the mission. “1 ‘I]CSC  (iati I were CO1l’Clat C(i Wit h thC raciiat  ion

cmvjronmcnt an(i opcrat  ions to cvaiwitc t ilc pcrfom mcc of the SS1 )1< and its error

(ictcc[iol]/col’l’cc(ioI]”  capahiii(ics m(i to serve as a scconcky  monitor of S1 iLJ rates.

IV. Cl,ltMltN’J’lNlt  ltNGINILICl{lNG  ICXI)ICIUMILN’J’S

‘1’hc purpmc  of this section is to rcvjcw th(’ cxpcrimcnts  ncc(ic(i to mcd the

Clcmcnlinc  cnginccring  goal, namly the cvatuation  of the effects of the space environment

on the a(ivancmi  tcchno]ogics  an(i l igh tweight  coInj Ioncnts  bcin~ flight tcstc(i  on the

(Icmcnt  il]c an(i the ISAS. 1 n a(i(iition to the cwaiwi~i(m  of the (iay to (iay pcrfomancc  of

tile specific tcchno]ogics  an(i sensors, this goa] d ivicics  the (’lcmcntinc and ISAS

cxpcrimcnts  plan into three gc.ncrai  arc:is of intcrc.st- l’idiat  iOl”]  effects (primari  1 y tot ai (iOSc

an(i s ]  H;), lllic].ol]lctcol”c)j(i/(icl)].is  cffcc(s, an(i fymcral e~lvjro])l])c]jt:ii  j ntc.ract  ions.

Aithmgh  pcrio(is  of anomalom oJ)crat  ions arc clcarlj of primary importance, long tcm

e.ffcc(s of tile environment an(i basic cllvilol]]l)cllt;ll  cl)at:tclc]i7;ltio]l  (iuring nominal

opcrat  ions arc also of great valLIc in c.st ab]i slli ng an u} ldcrstan(i  i ng of t hc bchavjor  of the

systems in the space environment. 1 ‘inaiiy,  the cl~vjl{~l~l~lcl~t:ii  data colicc[cci  by both the

(Ycmcnt inc an(i lSAS sensors, par(icdar]y  for so]al events an(i ]]]icrc)]llctcoroj(  i/(icl>]is

impacts, arc 01 gcncrai intcrcs( an(i valLIc t o  b o t h  t h e  scjc.ntillc  an~i cnginccring

communities. ‘1’ab]c 2 smnmarizcs ti]c range of cxpcrimcnts  sctcc[c.(i  by the Clcmcntinc

linginccring  ‘J’cam for stmiy. Many of the papm prcscntc(i  in this collection a(icircss these

spccjfjc cxpcri  mcnts.



J?. CONCI,USION

‘1’his paper  has  swnmarimd the kcy as]mds of the ( Ycmmtim 1 inginccritlg

l’rograrw tlm issms  being itlvcs[igatcd,  the instmmt l[s providd  for the mission, and the

ralionalc  for the engineering program. At the outset of the CIcmcnt inc program, the (icsirc

to cvalw]tc adwmccxl tcchnolop,ies ami sensor systems in lhc s(rcssing,  space cnvjmnmcnt

was cstablishcxi as an ovcrrjding  goal. Wc bdicvc,  txlscd m the IIm~y pa]>cIx  presented itl

this volume, that CYcmcntinc  has been successful it I mc.c[ing  this g,oal. We. hope thal

(lmcntine will continm both as a mission and as a concept for cvalllating  fLltLIrc

Icclmologjcs  and syslcms.
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